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(54) Title of the Invention: Method of affinity 

analysis for biological components 

(57) 

Abstract 
Purpose: 

To provide a highly sensitive method of analysis 
in which an immuno-complex which contains the substance 
to be measured and a label is separated from a solid 
phase quickly, easily and selectively, and with which 
it is possible to reduce the background originating 
from non-specif ically adsorbed fractions. 
Constitution: 

Using a nucleic acid bound unit, where a nucleic 
acid has been bound to a substance which has an 
affinity for the substance to be measured, and a solid 
phase to which a nucleic acid complementary with the 
said nucleic acid has been bound, in a state in which 
an immuno-complex which contains ,the substance to be 
measured, the said nucleic acid bound unit and enzyme 
is immobilised by the complementary bonding of the 
nucleic acid which has been bound to the solid phase 
and the said nucleic acid bound unit is formed and 
then, by adjusting a factor which imparts stability to 
the said complementary bonding, the immuno-complex 
which contains the substance to be measured and the 
enzyme is separated selectively from the said solid 
phase . 
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Scope of the Patent Claims 

[Claim 1] 

A method of affinity analysis for biological 
components in which a substance to be measured in a 
biological sample is measured after it has been 
captured selectively on a solid phase and separated 
from other substances which are also present in the 
sample t characterised in that, using a nucleic acid 
bound unit, where a first nucleic acid has been bound 
to a substance which has an affinity for the substance 
to be measured, and a nucleic acid-affixed solid phase 
where a second nucleic acid which can undergo 
complementary bonding with the first nucleic acid has 
been bound to a solid phase, the substance, which has an 
affinity for the substance to be measured which is 
included in the aforementioned nucleic acid bound unit 
and the aforementioned substance to be measured in the 
sample are reacted under conditions where complementary 
bonding occurs between the first and second nucleic 
acids and a complex which contains at least the 
substance to be measured and the first nucleic acid is 
immobilised on the solid phase by the complementary 
bonding of the aforementioned nucleic acids and, after 
separating the solid phase from the sample, a complex 
which contains the substance to be measured is released 
from the solid phase under conditions where the 
complementary, bonding between the first and second 
nucleic acids is dissociated and a liquid for 
measurement purposes from which the solid phase has 
been removed is obtained. 
[Claim 2] 

A method of affinity analysis for biological 
components wherein a substance to be measured in a 
biological sample is measured after it has been 
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captured selectively on a solid phase and separated 
from other substances which are also present in the 
sample, characterised in that, using a nucleic acid 
bound unit, where a first nucleic acid has been bound 
to a substance which has an affinity for the substance 
to be measured, and a nucleic acid-affixed solid phase 
where a second nucleic acid which can undergo 
complementary bonding with the first nucleic acid has 
been bound to a solid phase, the substance to be 
measured in the aforementioned sample and the 
aforementioned nucleic acid bound unit are reacted and 
a complex which contains at least the substance to be 
measured and the first nucleic acid is formed, the 
first nucleic acid in the said complex is subjected to 
complementary bonding with the aforementioned second 
nucleic acid and a complex which contains at least the 
substance to be measured and the first nucleic acid is 
immobilised on the solid phase by the complementary 
bonding of the aforementioned nucleic acids and, after 
separating the solid phase from the sample, the complex 
which contains the substance to be measured is released 
from the solid phase under conditions where the 
complementary bonding between the first and second 
nucleic acids is dissociated and a liquid for 
measurement purposes from which the solid phase has 
been removed is obtained. 
[Claim 3] 

A method of affinity analysis, according to 
claim 1 or claim 2, characterised in that the 
conditions under which the complementary bonding of the 
first nucleic acid and the second nucleic acid is 
dissociated are achieved by adjusting at least either 
the salt concentration or the temperature which are 
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factors which contribute to the stability of the said 
complementary bonding. 
[Claim 4] 

A method of affinity analysis, according to any 
of claims 1 to 3, characterised in that the complex 
which contains the substance to be measured and the 
first nucleic acid includes a labelling substance for 
measurement purposes. 

Detailed Description of the Invention 

[0001] 

Industrial Field of Application 
The invention concerns a method with which 
biological components are analysed using interactions 
therewith. 
[0002] 

Prior Art 

Immunoassay in which an antibody corresponding to 
the component to be measured is used and receptor-assay 
where a receptor is used, for example, are known 
methods for the measurement of trace components in 
biological samples with high sensitivity and 
specificity. 
[0003] 

The general principal of measurement in high 
sensitivity immunoassay is described below, and here an 
antibody for the component (antigen) to be measured is 
first fixed to a support, such as a tube, beads or a 
plate for example, (to form a solid phase) and then the 
sample is added to this and the antigen is captured by 
the solid phase antibody. The other substances present 
in the sample are removed and then an excess of a 
labelled antibody (an antibody to which a labelling 
substance has been bound) which recognises a different 
part of the antigen from the solid phase antibody is 
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added and bound with the antigen which has been 
captured on the solid phase. Radioactive isotopes, 
. enzymes, fluorescent substances and luminescent 
substances, for example, can be used for the labelling 
substance of the aforementioned labelled antibody. The 
bound labelled antibody is proportional to the amount 
of antigen and so the amount of antigen can be 
determined by determining the amount of labelling 
substance on the solid phase after removing the 
unreacted labelled antibody by washing. 
[0004] 

However, with the aforementioned general 
principle of measurement, the labelled antibody is 
added in excess and so the labelled antibody which is 
adsorbed non-specif ically on the surface of the solid 
phase is not removed completely by washing and is left 
behind, causing the background in the measuring system 
to rise. The problem is that it is impossible to 
achieve high sensitivity. 
[0005] 

That is to say, with the conventional method as 
described earlier, a labelled antibody is added in 
excess to a reaction liquid which contains the solid 
phase support and, after washing, the labelled 
substance complex which has been formed on the solid 
phase by the antigen-antibody reaction is detected 
directly without being separated from the said solid 
phase and so the labelled antibody which has been 
adsorbed non-specif ically on the surface of the solid 
phase is detected at the same time and, as a result, 
there is a rise in the background level. 
[0006] 

Hence, attempts have been made to determine the 
amount of labelling substance after releasing the 
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immuno-complex which has formed on the solid phase from 
the solid phase and, for example, a method in which the 
bonds have been broken using a reducing agent after the 
immuno-complex has been captured on a gel by means of 
sulphide bonds, the immuno-complex being eluted and the 
labelling substance being determined has been reported. 
(Rinsho Kensa, 28, 909-916, 1984). However, with this 
method the reducing agent which is used to release the 
complex from the solid phase denatures the antibody 
molecules and may also release the labelled antibody 
which is non-specifically adsorbed and the labelled 
substance may be separated, and it is not possible to 
selectively release the immuno-complex which is the 
subject for measurement. 
[0007] 

Furthermore, a method in which the immuno-complex 
is captured on a solid phase via a nucleic acid, the 
said nucleic acid being broken using a limiting enzyme 
and the amount of labelling substance being determined 
has also been reported (Imai et al., Japanese 
Unexamined Patent Application Laid Open H4-204379) . 
However, in this case a method of release involving the 
use of an enzyme is employed and so the process takes a 
long period of time. This is disadvantageous in terms 
of shortening the overall measurement time and reducing 
the running costs. 
[0008] 

Problems t o be Resolved by the Invention 
The aim of the invention is to provide a highly 
sensitive analytical procedure whereby an immuno- 
complex which includes the substance to be measured and 
a label can be separated from a solid phase both 
quickly and selectively, thereby enabling the effect of 
a raised background level originating from a fraction 
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which has been adsorbed non-specif ically on the solid 
phase to be reduced, 
[0009] 

Moreover, another aim of the invention is to 
provide a simple adjustment as the means of separating 
the substance to be measured selectively from the solid 
phase . 
[0010] 

Means of Resolving These Problems 
Thus, the invention of claim 1 provides a method 
of affinity analysis for biological components wherein 
a substance to be measured in a biological sample is 
measured after it has been captured selectively on a 
solid phase and separated from other substances which 
are also present in the sample which is characterised 
in that, using a nucleic acid bound unit, where a first 
nucleic acid has been bound to a substance which has an 
affinity for the substance to be measured, and a 
nucleic acid-affixed solid phase where a second nucleic 
acid which can undergo complementary bonding with the 
first nucleic acid has been bound to a solid phase, the 
substance which has an affinity for the substance to be 
measured which is included in the aforementioned 
nucleic acid bound unit and the aforementioned 
substance to be measured in the sample are reacted 
under conditions where complementary bonding occurs 
between the first and second nucleic acids and a 
complex which contains at least the substance to be 
measured and the first nucleic acid is immobilised on 
the solid phase by the complementary bonding of the 
aforementioned nucleic acids and, after separating the 
solid phase from the sample, the complex which contains 
the substance to be measured is released from the solid 
phase under conditions where the complementary bonding 
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between the first and second nucleic acids is 
dissociated and a liquid for measurement purposes from 
which the solid phase has been removed is obtained. 
[0011] 

Furthermore, the distinguishing feature of the 
invention of claim 2 is a method of affinity analysis 
for biological components wherein a substance to be 
measured in a biological sample is measured after it 
has been captured selectively on a solid phase and 
separated from other substances which are also present 
in the sample which is characterised in that, using a 
nucleic acid bound unit, where a first nucleic acid has 
been bound to a substance which has an affinity for the 
substance to be measured, and a nucleic acid-affixed 
solid phase where a second nucleic acid which can 
undergo complementary bonding with the first nucleic 
acid has been bound to a solid phase, the substance to 
be measured in the aforementioned sample and the 
aforementioned nucleic acid bound unit are reacted and 
a complex which contains at least the substance to be 
measured and the first nucleic acid is formed, the 
first nucleic acid in the said complex is subjected to 
complementary bonding with the aforementioned second 
nucleic acid and a complex which contains at least the 
substance to be measured and the first nucleic acid is 
immobilised on the solid phase by the complementary 
bonding of the aforementioned nucleic acids and, after 
separating the solid phase from the sample, the complex 
which contains the substance to be measured is released 
from the solid phase under conditions where the 
complementary bonding between the first and second 
nucleic acids is dissociated and a liquid for 
measurement purposes from which the solid phase has 
been removed is obtained. 



9 



[0012] 

Moreover, the distinguishing feature of the 
invention of claim 3 is that the dissociation of the 
complementary bonding of the first nucleic acid and the 
second nucleic acid is achieved by adjusting at least 
either the salt concentration or the temperature which 
are factors which contribute to the stability of the 
said complementary bonding. 
[0013] 

The quantitative measurement of the substance to 
be measured included in the complex which has been 
separated (released) from the solid phase can be 
carried out using conventional methods. For example, 
use can be made of the methods where, using an antibody 
as a substance which has an affinity for the substance 
to be measured, an enzyme (or alternatively a 
radioactive isotope, a fluorescent substance or a 
luminescent substance) is included as a labelling 
substance in a nucleic acid bound unit where the first 
nucleic acid has been bound with the first antibody, or 
where the aforementioned nucleic acid bound unit and a 
second antibody to which a labelling substance such as 
an enzyme has been bound are both made to undergo an 
immuno-reaction with the substance to be measured. The 
change in the fluorescence intensity seen in a 
substrate as a result of the reaction of the labelling 
enzyme which is bound to the complex which is formed by 
the bonding, for example, is measured. 
[0014] 

Action 

The invention is described in more detail below. 

[0015] 

The substance which has an affinity with the 
substance to be measured which can be used in the 
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invention is a substance which has an certain specific 
interaction like that of the antigen and the antibody 
in an antigen-antibody reaction, the receptor 
corresponding to the hormone or cytokine in a ligand- 
receptor reaction, or the enzyme and substrate or 
coenzyme in an enzyme reaction, signifying that 
individual molecules can be bound together. In the 
method of forming a complex in vitro it is desirable 
that in those cases where the components which 
participate are generally present in vivo, the bonding 
together of these components should be carried out 
under conditions as close as possible to the 
physiological conditions in which it would occur 
naturally. There is, however, no problem in the 
execution of this invention if preliminary experiments 
are carried out beforehand and the formation of the 

complex is confirmed. 

[0016] 

Provided that it is a nucleic acid which has two 
types of single chain comprising mutually complementary 
base sequences, any nucleic acid can be used for the 
nucleic acid which is used in this invention and, 
although no particular limitation is imposed, those 
with a length in the range from some 5 to 50 bases can 
be selected appropriately. 
[0017] 

The aforementioned nucleic acid bound unit can be 
prepared, for example, using a method in which an amino 
group is introduced on the 5' -end of the nucleic acid 
and this is bound to an amino group or thiol group, for 
example, which is present in the unit to be bound, or 
with an amino group or thiol group which has been 
introduced into the unit to be bound, using a 
crosslinking agent. Examples of such crosslinking 
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agents include N-succinimidyl-4-maleimidobutyrate, 
N-succinimidyl-6-maleimidohexanoate and N-succinimidyl- 
3- (2 ' -pyridyldithio) propionate . 
[0018] 

The solid phase which is used in the invention 
may be, for example, a solid phase which has been 
formed using a polymer or copolymer based material such 
as styrene, ethylene glycol, acrylic acid, methacrylic 
acid or the like, or a solid phase of this type into 
which reactive functional groups such as tosyl groups, 
tresyl groups, epoxy groups and the like have been 
introduced, or a ' solid phase such as a cyanohalide 
activated or sodium metaperiodate activated 
polysaccharide such as starch, dextran, cellulose, 
agarose or the like. The solid phase may have, for 
example, a plate-like, bead-like, gel-like or tube-like 
form. 

[0019] 

Unadorned nucleic acids and nucleic acids which 
have an amino group introduced on the 5' -end, for 
example, like the first nucleic acid, can be used for 
the second nucleic acid. The methods involving 
physical adsorption and the methods involving covalent 
bonding between reactive functional groups which have 
been introduced onto the surface of the solid phase and 
functional groups such as amino groups which have been 
introduced on the end of the nucleic acid, for example, 
can be used for binding the second nucleic acid to the 
solid phase. 
[0020] 

The methods indicated below can be cited as 
methods whereby the complex which includes the 
substance to be measured and the nucleic acid bound 
unit can be formed in a state where they are 
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immobilised on a solid phase by complementary bonding 
with the nucleic acid which has been bound to the solid 
phase: 

(1) The method in which the nucleic acid bound unit 
is first immobilised by complementary bonding with the 
nucleic acid which has been bound to the solid phase 
and then the component which contains the substance to 
be measured is immobilised on the solid phase by 
forming a complex as a result of an affinity with the 
substance (for example an antibody) which is included 
in the said nucleic acid bound unit. 

(2) The method in which a complex is formed by means 
of a liquid phase reaction of the substance to be 
measured and the substance (for example an antibody) 
which is included in the nucleic acid bound unit and 
then the said complex is immobilised by means of 
complementary bonding with the nucleic acid which has 
been bound to the solid phase. 

[0021] 

The methods in which a factor which contributes 
to the stability of the nucleic acid complementary 
bonding, for .example the salt concentration, the 
temperature or a denaturant, for example, is adjusted 
can be cited as methods whereby the complex which 
contains the substance to be measured which has been 
immobilised on the solid phase via the complementary 
bound nucleic acids can be selectively released from 
the said solid phase. From among these methods, the 
effect is most easily achieved by using a method in 
which the salt concentration is adjusted, and in more 
practical terms by means of a method of adjustment in 
which a solution which has been set to an appropriate 
salt concentration for the said complementary bonding 
has the salt concentration reduced to a level at which 
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the complementary bonding dissociates and the nucleic 
acids form single chains. Lithium salts, sodium salts 
and potassium salts, for example, can be used for the 
salt. As shown in the illustrative examples described 
hereinafter, a situation where the nucleic acids are 
complementary bonded at a temperature of from 25 to 
37°C, as generally used for the reaction temperature of 
biological components, can be achieved easily with a 
salt concentration above about 1M, and a situation 
where there is dissociation into single chains can be 
achieved easily by reducing the salt concentration 
below the said salt concentration and, most desirably, 
by setting the salt concentration to about OM. A 
situation where the nucleic acids are complementary 
bonded at the physiological saline concentration can be 
achieved easily by selecting a temperature in the range 
from 4 to 20°C, and a situation where there is 
dissociation into single chains can be achieved easily 
by selecting a temperature within the range from 4 0 to 
60°C. In the method of this invention the complementary 
bonding and its dissociation can be achieved easily by 
adjusting either the salt concentration or the 
temperature as described above, but adjusting both of 
these factors at the same time is preferred in that 
under these circumstances the reactions can be carried 
out more efficiently. The salt concentration 

conditions and temperature conditions for the 
complementary bonding reaction and the dissociation 
reaction differ according to the number and composition 
of nucleic acid bases involved, and in most cases it is 
desirable that the optimum conditions for analysis 
should be determined by carrying out preliminary 
experiments . 
[0022] 
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Effect of the Invention 
The following effects are obtained with the 
method for the affinity analysis for biological 
components of this invention in which the complementary 
bonding of nucleic acids is used. 
[0023] 

(1) It is possible to separate the labelling 
substance which has been adsorbed non-specif ically on 
the solid phase by separating the component which 
contains the substance to be measured selectively from 
the solid phase and to measure the substance to be 
measured. In this way the background can be reduced 
and, as a result, it is possible to analyse biological 
components with greater sensitivity. 

[0024] 

(2) If changing the salt concentration is used as the 
method for separating the component which contains the 
substance to be measured selectively from the solid 
phase then the measurement can be achieved quickly and 
the measurement time is shortened. 

[0025] 

Illustrative Examples 

[0026] Example 1 

5'-Terminal-amino-oligo-dT35-mer was bound to 
tresyl-NPR gel (2.5 urn: manufacture by Toso) to obtain 
a gel to which oligo-dT35-mer had been fixed. 
Furthermore, a first anti-human insulin monoclonal 
antibody was Fab' -ised and 5' -terminal-amino-oligo- 
dA15-mer was bound by means of N-succinimidyl-4- 
maleimidobutylate to the hinge-part of this antibody 
and an oligo-dA15-mer nucleic acid bound unit was 
obtained. 
[0027] 



1 



A gel to which antibody had been fixed was 
prepared by hybridising the nucleic acid bound unit 
which contained this first antibody with the said gel 
to which the oligo-dT35-mer had been fixed in the 
presence of 1M NaCl. An second alkali phosphatase 
labelled anti-human insulin monoclonal antibody and 
then human insulin were added in the presence of 0.5M 
NaCl to the said gel to which the antibody had been 
fixed and reacted for 30 minutes at room temperature. 
After washing twice using a washing solution which 
contained 0.5M NaCl, phosphoric acid buffer solution 
(0M NaCl) which contained 0.02% bovine serum albumin 
was added to the gel on which the immuno- complex had 
been formed and a separation from the solid phase 
reaction was carried out at 48°C for 10 minutes. 
[0028] 

4-Methylumbelliferyl phosphate was added to the 
immuno-complex fraction obtained and the activity rate 
on reacting for 20 seconds at 37°C was measured using 
the fluorescence. The calibration curve obtained is 
shown in figure 1. 
[0029] 
Example 2 

5'-Terminal-amino-oligo-dT35-mer was bound to 
tresyl-NPR gel (2.5 urn: manufacture by Toso) to obtain 
a gel to which oligo-dT35-mer had been fixed. 
Furthermore, a first anti-human insulin monoclonal 
antibody was Fab'-ised and 5' -terminal-amino-oligo- 
dA15-mer was bound by means of N- (e-maleimido- 
caprolyloxy) succinimide to the hinge-part of this 
antibody and a nucleic acid bound unit was obtained as 
an oligo-dA15-mer bound first antibody. 
[0030] 
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A gel to which antibody had been fixed was 
prepared by hybridising this nucleic acid bound unit 
which contained the fist antibody with the said gel to 
which the oligo-dT35-mer had been fixed in the presence 
of 1M NaCl. A second alkali phosphatase labelled anti- 
human insulin monoclonal antibody and then human 
insulin were added in the presence of 0.5M NaCl to the 
said gel to which the antibody had been fixed and 
reacted for 10 minutes at room temperature. After 
washing four times using a washing solution which 
contained 0.5M NaCl, Tris hydrochloric acid buffer 
solution (0M NaCl) which contained 0.02% bovine serum 
albumin which had been pre-heated to 53°C was added to 
the gel on which the immuno-complex had been formed, 
the mixture was stirred for 5 seconds in a mixer and a 
separation from the solid phase reaction was carried 
out . 
[0031] 

4-Methylumbelliferyl phosphate was added to the 
immuno-complex fraction obtained and the activity rate 
on reacting for 100 seconds at 37°C was measured using 
the fluorescence. The calibration curve obtained is 
shown in figure 3. 
[0032] 

Furthermore, the lowest detection limit was 
obtained using the 2 SD method, and when 25 nl sample 
was used the value was 5 pg/ml (125 fg = 20 
amol/assay) . The results obtained are shown in 
figure 4. Moreover, the mean + 2 SD (n =10) value 
shown in figure 4 is the average value (plotted 
position) on measuring a sample of zero concentration 
ten times + 2 SD (SD: standard deviation), and the 
minimum limit for detection with the 2 SD method shown 
was determined by drawing a horizontal line toward the 
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calibration curve from the upper limiting value of the 
error bar and reading off the concentration of insulin 
at the point of intersection. 
[0033] 

As indicated in the examples described above, by 
means of this invention it is possible to immobilise an 
immuno- complex which contains an enzyme for measurement 
labelling purposes and human insulin which is the 
substance to be measured on a solid phase using 
complementary bonding between a nucleic acid which has 
been fixed on a solid phase and the nucleic acid of the 
nucleic acid bound unit, to break down the nucleic acid 
complementary bonding and recover the said immuno- 
complex, and to carry out. measurement with a high 
degree of accuracy. Moreover, the invention is not 
limited to the aforementioned examples and it can be 
executed with various modifications without changing 
the essential nature of the invention. 
[0034] 

For example, good results can be obtained with a 
method in which the second alkali phosphatase labelled 
anti-human insulin monoclonal antibody and the human 
insulin are added to the aforementioned oligo-dA15-mer 
labelled first anti-human insulin monoclonal antibody 
preparation, and an antigen-antibody reaction is 
carried out in the liquid phase. The immuno-complex 
which is formed is trapped on a gel to which oligo- 
dT35-mer has been fixed and, after washing the gel, a 
separation from the solid phase reaction is carried out 
and the activity rate measured. 
[0035] 

In the aforementioned examples the objective was 
realised by adjusting both the salt concentration and 
temperature factors or the temperature factor but, 
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according to the experimental results outlined below, 
it is clear that the objective can be realised with a 
method in which the salt concentration is changed at a 
fixed temperature or a method in which the temperature 
is changed at a fixed salt concentration. 
[0036] 

Thus, using the gel to which the oligo-dT35-mer 
had been fixed and the oligo-dAl5-mer bound first 
antibody prepared in the method of example 1, 
hybridisation was carried out in the presence of 2M 
NaCl to prepare a gel to which the antibody had been 
fixed. Then, the separation reaction of the first 
antibody from the solid phase was carried out under 
conditions where the NaCl concentration was reduced in 
stages from 2.0 to 0M at temperatures of 25, 37 and 48°C 
and, after centrifugal separation, the amount of the 
first antibody which had been separated and was present 
in the supernatant liquid was determined using HPLC. 
The relationship between the proportion of the first 
antibody released from the solid phase and the NaCl 
concentration (M) obtained is shown in figure 2. It 
was confirmed that at 48°C there was 100% separation if 
complementary bonding was carried out in the presence 
of 1M NaCl and then the system was set to 0M NaCl. 
Furthermore, about 70% separation was confirmed on 
complementary bonding at 25°C in 0.25M NaCl if the 
temperature was then set to 48°C. Although shown in 
example 2 as well, the object of the invention can be 
realised easily by adjusting either the concentration 
or the temperature of the complementary bonding 
reaction and the separating reaction in the ways 
described above. 
[0037] 
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Moreover, insulin negative serum and serum from a 
healthy person on fasting were used in example 2 and 
reproducibility was evaluated at the same time, and the 
serum from a healthy person after fasting with an 
average concentration of 42.6 pg/ml (about 1 uU/ml) 
could be measured very well with a coefficient of 
variation of 8.4%. The results obtained are shown in 
figure 5. 

Brief Explanation of the Drawings 

Figure 1 is a drawing which shows the calibration 
curve obtained in example 1. 

Figure 2 is a drawing which shows the 
relationship between the NaCl concentration (M) and the 
proportion of oligo-dA15-mer bound first antibody 
separated at 25°C, 37°C and 48°C in example 1. 

Figure 3 is a drawing which shows the calibration 
curve obtained in example 2. 

Figure 4 is a drawing which shows the limit of 
detection in example 2. 

Figure 5 is a drawing which shows the results 
obtained on evaluating the reproducibility using 
insulin negative serum and serum from a healthy person 
after fasting. 
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